This study has examined an approach to searching
genes that are induced by steroid hormones in the hen oviduct. Hen oviduct nuclei were digested with micrococcal nuclease by the procedure which selectively excises nucleosomes from the ovalbumin gene. The oviduct nuclei, as well as chick erythrocyte nuclei, were also digested with DNAase I under conditions preferentially sensitive to the ovalbumin gene, as well as the globin gene.
Released proteins were characterized by one-and two-dimensional polyacrylamide gel electrophoresis with detection by silver staining. Thus, high mobility group (HMG) proteins 14 and 17 were found in the three cases of nuclease digestion.
Furthermore, about 10, 20 and 15 nonhistone protein spots, specific to each nuclease action, were observed in the cases of micrococcal nuclease to oviduct nuclei and DNAase I to oviduct and erythrocyte nuclei, respectively.
Between these three series of protein spots, at least three spots were characterized to be common to those released by both nucleases from oviduct nuclei.
These common proteins may be involved, as estrogen receptor proteins or others, in recognition of the ovalbumin DNA sequences, followed by a non-sequence-specific process in which the HMG proteins alter the structure of nucleosomes along the transcription unit.
It has been well documented that steroid hormones stimulate the transcription of specific genes such as the ovalbumin gene in the hen oviduct. Although gene expression seems to require that the complex of a steroid hormone and its specific intracellular receptor proteins binds to the chromatin domain of target gene (O'Malley and Schrader, 1976 ; Hamana and Iwai, 1978) , the precise nature of gene regulation is poorly understood. In particular, whether or not the steroid-receptor complex actually exists on its target gene, and whether it recognizes the DNA sequences of the gene directly or its acceptor proteins bound to the gene, are all unknown. For such an investigation, a new approach is required.
The basic units of chromatin, nucleosomes, comprise about 200 base pairs (bp) of DNA complexed with two molecules each of the four core histones and one molecule of the linker histone H1 . This normal nucleosome structure is transcriptionally inactive and relatively resistant to nuclease digestion. Recently, Weintraub and Groudine (1976) demonstrated that the globin gene is selectively sensitive to digestion with pancreatic DNAase I in chick immature and mature erythrocyte nuclei, but not in fibroblast nuclei. This study was soon confirmed by the findings of Garel and Axel (1976) which showed that the ovalbumin gene is selectively digested by DNAase I in oviduct nuclei from the laying hen, but not in liver nuclei. These and other studies suggested that the sensitivity to DNAase I of actively transcribed genes, including genes having been or to be transcribed, reflects an altered nucleosome structure that is required for transcription.
More recently, Bloom and Anderson (1978b, 1979) showed that micrococcal nuclease selectively excises nucleosomes containing the ovalbumin gene from hen oviduct nuclei, providing a simple method for the preparation of transcriptionally active nucleosomes. Further, the transcriptionally active globin gene in immature erythrocyte nuclei was also cleaved preferentially by micrococcal nuclease, whereas the transcriptionally silent globin gene in mature erythrocyte nuclei was not, as well as the ovalbumin gene in estrogen-withdrawn oviduct nuclei. It was thus suggested that the micrococcal nuclease-sensitive conformation of the ovalbumin and globin genes in chromatin is dynamically related to the expression of these genes.
Furthermore, Weisbrod et al. (1979 Weisbrod et al. ( , 1980 Weisbrod et al. ( , 1981 reported that nonhistone HMG proteins 14 and 17 are responsible for conferring a DNAase I-sensitive structure on chick erythrocyte globin chromatin and also most actively transcribed genes, but are probably not tissue-specific and probably do not recognize specific DNA sequences. If so, a particular transcribed gene, for example the globin gene in erythrocytes or the ovalbumin gene in oviduct, must be recognized by each sequence-specific DNA-binding protein(s), followed by a non-sequence-specific process et al., 1979, 1980, 1981 It was found that significant amounts of DNA and protein were released from the repeatedly washed nuclei during the chromatin fractionation procedure without nuclease treatment, as referred to in terms of control. In a case when 7.5 and 16.3% DNA were recovered in 1SF and 2SF by nuclease treatment (5.8% DNA acid-soluble), 1.7 and 7.8% DNA were found in control 1SF and 2SF, respectively. Fig. 3 shows polyacrylamide gel electrophoresis in two systems of the protein components in the 1SF and 2SF. A large number of proteins were observed in the 1SF and 2SF, and their controls. Histones H1, H2A, H2B, H3 and H4 were also observed, but the 1SF contained only a small amount of H1, if any, corresponding to the short DNA length of 145 bp (Fig. 2) . In contrast, the bands of high mobility group (HMG) pro- teins 14 and 17 were distinct in the 1SF. Fig. 4 shows two-dimensional gel electrophoresis of the protein components in 1SF and 2SF, and their controls. Because of its higher isoionic point, pH 9.6 (Heins et al., 1967) , micrococcal nuclease could not be detected in this system, nor could histones or HMG proteins.
Most of the proteins detected in the control 1SF distinctly increased in amount in the 1SF and a number of new protein spots appeared. On the other hand, the 2SF patterns showed remarkable differences from the 1SF ones ; most of the proteins were basic and present at the basic end of the gel, and a small number of acidic proteins were detected. The proteins specifically released into the 1SF by nuclease treatment were distinguished in the repeated experiments, as indicated in the figure. Their molecular weights ranged from 25,000 to 80,000, and their isoelectric points roughly from 4 to 6. DNAase I digestion ,of oviduct and erythrocyte nuclei
The nuclei retained their intact morphology under a light microscope during digestion until about 20% DNA became acid-soluble, in the conditions described under Materials and Methods. The digestion rate for oviduct nuclei was about onefifth slower than that for erythrocyte nuclei. The supernatant fractions released from the digested nuclei showed typical ultraviolet The upward and downward arrows indicate the same as in Fig. 4 , and those having square indicate the protein spots observed commonly here and in the micrococcal nuclease 1SF (Fig. 4) .
absorption spectra of DNA, but their DNA fractions gave no band on 7.5% polyacrylamide gel electrophoresis, probably because of much small fragments. One-dimensional gel electrophoresis of the protein fractions (Fig. 3) of protein spots were observed in the present in the control and unchanged, 2) control, and these were almost unchanged those increased, and 3) those released spewhen the nuclei were incubated without cifically, during the digestion periods. The enzyme as long as the digestion periods.
protein spots of the second and third groups The nuclease-released proteins were roughly were distinguished in the repeated expericlassified into three groups : 1) proteins ments and indicated in the figure ; their increasing rates were not the same. These proteins ranged from 25,000 to 65,000 in molecular weight, and roughly from 4 to 8 in isoelectric point.
There are observed many uncommon spots between proteins of the second and third groups released with DNAase I and those released into 1 SF with micrococcal nuclease from the oviduct nuclei. Thus, the common protein spots are indicated in Fig. 5 . Fig. 6 shows similar results from the DNAase I digestion of erythrocyte nuclei. In this case, only a small number of proteins were observed in the control and unchanged during the incubation periods. The nuclease-released proteins increased in amount during the digestion periods, and were distinct after 20% or more DNA became acid-soluble.
The protein spots released increasingly or specifically were also indicated in the figure, as in the case of oviduct nuclei.
Their molecular weights ranged from 20,000 to 80,000, and their isoelectric points roughly from 4 to 7.
A comparison between Fig. 5 and Fig. 6 shows only some similarity around molecular weight 67,000 and pH 5. A number of basic and low molecular weight proteins also show cell-specific patterns between the oviduct and erythrocyte nuclei. other uncommon proteins from the same nuclei may be due to the different modes of action of both nucleases used, and/or the different conditions for each nuclease treatment including the different extent of digestion. Thus, the common proteins at least may be involved in recognition of the ovalbumin DNA sequences in particular, as steroid hormone receptors, their acceptors or others. To confirm the above results, we extended DNAase I digestion to chick erythrocyte nuclei under conditions in which the globin gene is selectively digested (Weintraub and Groudine, 1976) . We characterized about 15 protein spots (Fig. 6 ), which were found to be almost different from those obtained from oviduct nuclei. These cell-specific patterns of the proteins released from both nuclei by the same nuclease strongly suggest that the common proteins released by both nucleases from the same oviduct nuclei may play an important role in the recognition of the ovalbumin gene in particular. Further studies using radioactive estrogen-labeled or estrogen-withdrawn oviduct nuclei would probably confirm this.
